electron microscopy of
intestinal villous structures
and their putative relation to digestion
and absorption in chickens.
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Electron Microscope (SEM) was used to examine villous strucparts in the small intestines of 22-week-old chickens. Duodenum revealed
plate-like villi with large number of goblet cells on the duodenal epithelium. Jejunum and
ileum both revealed leaf-like villi, but the amount of goblet cells was greater in the jejunum.
A putative effect of villous structures on the intestinal digestion and absorption is
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Introduction.

Studying the nature of villi in different parts of the small intestine is important
comprehend the digestion-absorption process in animals (Moran, 1982).
Previous work on intestinal villous structures has shown variations from finger-like
in pigs (Waxter, 1972) to plate-like in mice (Rao and William, 1972) and young
chickens (Bayer et al., 1975), and to totally flat mucosa occurring during disease
(Creamer, 1973). Several villous forms were also reported in different segments
of small intestines even within the same species (Bayer et al., 1975).
The present study was conducted to determine whether villous structures
reported by Bayer et al. (1975) in different parts of the small intestine of young
chickens would be the same at an older age, or it seemed possible that other
structures might occur as the chickens matured. A putative relation between
villous structures and intestinal digestion and absorption is discussed.
to

Materials and methods.
Chickens and diets.
Six 22-weeks-old white Leghorn female chickens were
selected randomly from a healthy flock fed diets containing 30 % ground yellow
corn, 35 % grain sorghum, 5 % oats, 7.5 % alfalfa meal (17 % protein), 20 %
-
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soybean oil meal (44 % protein), 1 % dicalcium phosphate, 1 % calcium carbonate, and 0.5 % salt. Feed additives included trace mineral mixture, Vitamin A and
, vitamin B complex, antibiotic supplement, and coccidiostat. These were
3
D
prepared in a premix containing corn meal as a carrier, and were included at 2 kg
per ton of feed.

Pathologicalprocedures. -All chickens were killed at 22-weeks of age. Samples
(about 1 cm each) were taken from the mid points between ventriculus and cystic
duct, cystic duct and yolk stalk, and between yolk stalk and the caeca to represent
the duodenum, jejunum, and the ileum, respectively.
Specimens were cut longitudinally, rinsed with saline solution (7.5 grams of
Sodium Chloride in 1 000 ml distilled water), and were fixed in Buffer Neutral
Formaline (BNF) for 24 hours. Specimens were then washed briefly in running
water for 30 minutes and were dehydrated through graded ethanol series (1 hour
each in 50, 70, 80, 95 and 100 %). Dehydrated specimens were dried in a carbon
dioxide critical point drier to avoid exposure of the specimens to any surface
tension forces when drying. The dried specimens were mounted on aluminum
stubs and double coated in a vacuum evaporator using carbon and gold/palladium.
That was done to reduce the build-up of electrons on the specimens, and to make
them mechanically stable and conductive to electricity.
Finally, the specimens were viewed and photographed with an ETEC
autoscan scanning electron microscope (SEM) at 5 K.V. accelerating voltage.
Quantitation of the intestinal structures.
Quantitation of the small intestines
done on their major structures. Thus, the ratio of villi to crypts in each
intestinal region was obtained at x 100 magnification by measuring both villi
areas and crypt areas on each monograph and taking the average of the six
measurements. Measurements also involved villous height and crypts depth
obtained from light microscopy, using cross sections from the same specimens.
At x 2 000 magnification, the number of goblet cells in each intestinal region was
obtained by simple visual calculations, utilizing the average of six observations for
each of the three intestinal regions. From this, the number of goblet cells per unit
area of intestine was measured, taking into account the different villous size and
density in each intestinal region.
-
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Results.
SEM examination of the duodenum at x 100 magnification revealed
plate-like villi (figure 1 -A). These were mostly flat and wide allowing only small
areas of mucosal crypts. The ratio of villi to crypts in the duodenum was calculated
to be about 10 : 1. At higher magnification ( x 2 000), goblet cells were observed
to form a significant portion of the villous epithelium (30 cells per unit area), as
shown in figure 1 -B. Size of the apical pole of goblet cells varied from 1 to 2 um.
The jejunum revealed leaf-like villi at x 100 magnification (figure 2-A).
Projection of these villi towards the luminal surface was less extensive than that
in the duodenum, i.e, the villi to crypts ratio in the jejunum was only 1.5 : 1. At the
higher magnification ( x 2 000), goblet cell pores in the jejunal villi (figure 2-B)

similar to those observed in the duodenum (28 cells per unit area). However,
considering the ratio of villi to crypts in duodenum and jejunum, the number of
goblet cells per unit area of intestine was greater in the duodenum.
Examination of the ileal villi at x 100 magnification also revealed leaf-like
structures (figure 3-A), but these were more narrow than those in the jejunum.
Villi in the ileum were more extensively projecting towards the luminal surface as
compared to those in the jejunum, but were less extensive than those in the
duodenum, i.e. a ratio of 3.5 : 1 was calculated for villi to crypts in the ileum. The
ileal goblet cells per unit area of villi were fewer than those in the duodenum and
jejunum (only 16 cells per unit area). Size of the apical pole of goblet cells was,
however, similar in all the three intestinal segments.
Comparing calculations of ratios of villi to mucosal crypts in duodenum,
jejunum, and ileum, and the relative amounts of goblet cells forming the villous
epithelium of these regions, it appears that the ileum had the smallest number of
goblet cells per unit area of intestines ; i.e. a ratio of about 6 : 2 :1 was estimated
for the amount of duodenal : jejunal : ileal goblet cells per unit of intestines.
were

Discussion.
The intestinal villous structures observed in the present study on 22-weeks-old
chickens were in accordance with those observed by Bayer et al. (1975) on
young chickens from 1 day through 14 weeks of age. There were minor
differences in the size of goblet cells and in the shape of the villi, particularly at
the jejunum and the ileum, but these could be due to the effect of age, diet, sex,

health,

methodology.
Although the duodenum has been shown to be well equipped with villi, this
area largely serves as a mixing and neutralizing site (Moran, 1982), and the partial
digestion occurring in this region is considered to be an extension of gastric
digestion rather than intestinal digestion. Villi exert their mixing function through
different patterns of villous motility. These were described in different species by
Green and Greene (1984), as pumping movement, pendular movement, and tonic
contractions. No indication, however, was given as to which of these patterns
occurs in chickens. Conceivably, the power of villous motility is proportional to
the number of villi per unit area. The large amount of villi in the duodenum may
allow a greater supply of fibers from the ganglionated nerve plexus of the
submucosa to the villi smooth muscle and, hence, allowing sufficient nerve
stimulation of villous motility at this site. It is also possible that the abundance of
villi in the duodenum allows greater surface area exposed to the gastric acid HCI.
This would stimulate release of larger amounts of the mucosal hormone villikinin,
which acts on villous motility. These two mechanisms (nervous and hormonal)
may provide a clue for the unique mixing function performed at the duodenum.
Having goblet cells concentrated in the duodenum serves to buffer highly
acidic digesta from the stomach through the action of goblet mucin, in addition
to bile and pancreatic juices. The nature of mucin has been described by Forstner
or

and Forstner

(1986),

as a

wide spectrum of chemicals of alkaline nature secreted

by different mechanisms. Because of the thick mucin layer
adhering strongly to epithelial and other surfaces of the duodenum, insignificant
intestinal digestion and absorption takes place at this site. Mucin acts as a luminal
barrier preventing intestinal enzymes from acting on feed nutrients in the
duodenum. Further, permeability for most of the nutrient end-products may be
reduced due to the mucin layer at the duodenum. Wall absorption of compounds
is directly proportional to diffusion across the mucin layer, and is negatively
into the lumen

correlated with the retention in the mucin (Nimmerfall and Rosenthaler, 1980).
Studies on carbohydrate absorption in chickens, however, have yielded contrasting findings. In a study by Bogner etal. (1963), glucose absorption capacity was
greatest in the mid-intestines, whereas Fearson and Bird (1968) found no
differences between the segments when the in situ uptake of glucose was
measured. More recently, Riesenfeld et al. (1980) found that absorption of
glucose in chickens duodenum increased linearly as the dietary concentration
increased from 39 % to 73 %, suggesting that glucose absorption is concentration-dependent regardless of the mucin barrier.
As the digesta passes through the jejunum and the ileum, the actual « intestinal»
digestion takes place through pancreatic and intestinal enzymes (Boorman,

1976 ; Levin, 1976 ; Freeman, 1976 ; Bondi, 1987).
As observed by SEM, the number of goblet cells in the jejunum and the ileum was
small relative to that in the duodenum. Therefore, the minimal use of goblet mucin
as a barrier at the distal part of the small intestines allows for better absorption.
This is particularly so for the jejunum in spite of the larger number of goblet cells
observed in this region relative to that in the ileum. The « paradox » here could,
however, be explained by the findings of Mongin et al. (1976) in a study of
absorption in chickens and rabbits in relation to the osmotic pressures along the
digestive tract. As the digesta passed through duodenum, jejunum and ileum
there was a change in the luminal osmotic pressure from 571 to 650 to 573
respectively. The higher osmotic pressure at the jejunum allowed for greater
absorption due to a higher degree of polymer cleavage.

Conclusions.
The following

are

conclusions from this

study and from relevant literature :

1. The abundance of villi observed at the duodenum makes this region serve
mainly as a mixing site through an active villous motility resulting from nervous
and hormonal stimulation.
2. Further, the large number of goblet cells on the duodenal villi makes
duodenum act also as a neutralizing site through the action of goblet mucin, in
addition to bile and pancreatic juices.

3. Because of the thick mucin layer adhering strongly to the duodenal epithelium,
a small amount of absorption occurs in that region with the exception of

carbohydrates.
4. In spite of the greater amount of goblet cells in the jejunum relative to that in
ileum, jejunum is the main site of digestion and absorption of all nutrients.

Differences in the
in the jejunum.

absorptive capacity is due

to the

higher osmotic
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Résumé.
Observations, en microscopie électronique à balayage, des villosités intestinales et rapports éventuels avec les phénomènes de digestion et d’absorption chez les

poulets.
La structure des villosités dans différentes parties de l’intestin grêle a été examinée en
microscopie électronique à balayage chez des poulets de 22 semaines. Dans le duodénum,
les villosités ont la forme de plaques avec un grand nombre de cellules en gobelet (cellules
à mucus) réparties dans l’épithélium. Dans le jéjunum et dans l’iléon les villosités ont la
forme de feuilles; la quantité de cellules en gobelet est plus élevée dans le jéjunum que
dans l’iléon, mais reste cependant inférieure à celle observée dans le duodénum.
L’effet éventuel des variations de structure des villosités et du nombre de cellules à
les processus de digestion et d’absorption est discuté.
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